Objective: The del Nido cardioplegia solution provides a long period of arrest with single dose as compare to St. Thomas cardioplegia solution. In our study we compared outcomes of del Nido and St. Thomas cardioplegia in adult open cardiac surgeries. Methods: Sixty patients were studied between January 2017 to December 2017. Out of which 30 patients were operated on St. Thomas cardioplegia and 30 patients were on del Nido cardioplegia solution. Outcome was compared in both group in relation to demographic, cardiac enzymes level, cardiopulmonary bypass data and post operative results. Results: Total cardiopulmonary bypass time (111.27 ± 40.791 vs. 131.77 ± 37.97, P = 0.049), Aortic cross clamp time (71.67 ± 27.68 vs. 87.00 ± 30.95, P = 0.048), Time taken for return of cardiac contraction after de-clamping the aorta (2.40 ±1.453 vs. 3.67 ± 1.971, P = 0.006), dose of cardioplegia required (1361.67 ± 362.388 vs. 2716.67 ± 927.021, P=0.001) repetition of Cardioplegia needed (1.37±0.490 vs. 4.07±1.437, P=0.001), time to wean off from bypass (21.93±4.934 vs. 32.67±10.535 , P=0.001) and intraoperative cardioversion requirement (p=0.001) were significantly lower in del Nido group as compared to St. Thomas group. Postoperative PRO BNP level (2269.8 ±2098.97 pg/mL vs. 10220.0 ± 8343.62 pg/mL, P= 0.001) was significantly lower in the DN group. While troponin T levels (P= 0.314), were comparable in between groups. Conclusion: Del Nido cardiplegia is associated with lower bypass and cross clamp time, less dose and repetition of cardioplegia and early return of cardiac activity as compared to ST Thomas solution. There is better myocardial protection with del Nido cardioplegia as assessed with less increase in PRO BNP level.
INTRODUCTION
Dr. Pedro del Nido (dN) developed a cardioplegic solution, especially for the myocardial protection in neonatal and pediatric cardiac surgery patients. dN cardioplegia induces a depolarizing cardiac arrest during cardiac surgery. It is more diluted and contains lesser amount of Ca 2+ and lidocaine as compared to St. Thomas cardioplegic solution [ Table 1 ]. [1] St. Thomas cardioplegia required repetition of doses at short intervals which can cause myocardial acidosis during intervals and affect postoperative results. [2, 3] The dN cardioplegia solution provides a long period of depolarizing cardiac arrest. [4] Few researches have observed better outcome with dN cardioplegia in adult patients too. [5] [6] [7] [8] In our study, we compared and evaluated the outcomes of dN cardioplegia and St. Thomas cardioplegia in adult open cardiac surgeries.
Comparison of del Nido's cardioplegia with St. Thomas's cardioplegia for myocardial protection in adult open-heart surgery

MATERIALS AND METHODS
This is a single-center prospective case-control study done in the department of CVTS, King George Medical University, Lucknow, from January 2017 to December 2017 after approval by the ethical committee of the institute. Sixty patients who fulfill the selection criteria were randomly allocated, of which thirty patients were operated on with the use of St. Thomas cardioplegia solution (ST group) and thirty patients were operated on with the use of dN cardioplegia solution (dN group). Thorough history taking and clinical examination were done for all participating patients.
Demographic data such as age, sex, weight, New York Heart Association Functional Class, comorbidities (diabetes mellitus, hypertension, and smoking), echocardiographic finding, and preoperative cardiac rhythm were recorded. Pre-and postoperative serum such as proBNP (brain natriuretic peptide), CPK-MB (creatinine phosphokinase muscle brain isoform), troponin T, liver function test (serum bilirubin, serum aspartate aminotransferase, and alanine aminotransferase), and serum creatinine were recorded. Cardiopulmonary bypass time, aortic cross-clamp time, cardioversion requirement after aortic declamping, the number of cardioplegia used, total volume of cardioplegia solution used, time taken for return of cardiac activity, time to wean off bypass, need for intra aortic baloon pump (IABP), and new-onset rhythm disturbance were recorded. Duration and quantity of inotropes needed, need for prolonged ventilation, postoperative requirement of blood products, and intensive care unit (ICU) stay were analyzed.
Patients in both the groups underwent surgery via median sternotomy. Bicaval cannulation and aortic cannulation were done (cannulae size as per the body surface area). Cardioplegia was delivered by antegrade route in all patients by a cardioplegia catheter or by a coronary ostial catheter. dN group received freshly prepared dN's cardioplegia solution with repetition of dosage if required after 90 min, while the ST group received freshly prepared St Thomas solution with repetition dose after every 20 min. The initial dose of cardioplegia was 20 ml/kg of the body weight and was repeated at the dose of 10 ml/kg of the body weight in both the solutions if required. All patients above 12 years of age who are admitted for elective cardiac surgery requiring cardiopulmonary bypass and cardioplegia were included in the study. Patients who are admitted for emergency cardiac procedures and redo surgeries and patients with ejection fraction <20% were excluded.
Statistical analysis
In this observational study, the sample size was calculated using the formula: N=[Z 2 × P (1-P)]/E 2 . The data were entered in the MS Excel spreadsheet, and the analysis was done using the Statistical Package for the Social Sciences software version 21.0 (IBM Corp., Armonk, NY, USA). Categorical variables were presented in number and percentage (%), and continuous variables were presented as mean and standard deviation. Quantitative variables were compared using the unpaired t-test between two groups and, paired t-test was used to compare pre-and postdata. Qualitative variables were compared using the Chi-square test/Fisher's exact test as appropriate. P < 0.05 has been considered statistically significant.
RESULTS
A total of 60 patients were studied during a period of 1 year, of which 30 patients were operated with on the St. Thomas' solution No. 2 cardioplegia (ST group) and 30 were operated with on dN cardioplegia (dN group). In our study, 16 patients were operated for DVR (double valve replacement), 8 patients for AVR (aortic valve replacement), 2 patients for MVR (mitral valve replacement), 3 for VSD (ventricular septal defect) closure, and 1 for ASD (atrial septal defect) closure in the dN group. Seventeen patients were operated for DVR, 8 for AVR, 2 for MVR, 2 for VSD, and 1 for ASD in the ST group. The mean age of the patients was 36.93 ± 16.20 years (range: 14-69 years) in the dN group and 34.77 ± 10.50 years (range: 37-82 years) in the ST group. In the dN group, 9 patients were in atrial fibrillation (AF), while 11 patients were in AF in ST group. All other demographic characteristics were similar between the groups as shown in Table 2 . Table 3 ].
Postoperative proBNP (2269.8 ± 2098.97 pg/mL vs. 10220.0 ± 8343.62 pg/mL, P = 0.001) was significantly lower in the dN group. While rising in troponin T levels (1.052 ± 1.112 ng/ml vs. 0.830 ± 0.451 ng/ml, P = 0.314), CPK-MB level (13.19 ± 11.09 vs. 17.33 ± 8.56, P = 0.111) was seen in both the groups, but variations between the groups were not significant.
The requirement of transfusion of blood product (P = 0.001), inotropes in ICU (P = 0.036), and duration of hospital stays (P = 0.010) were significantly lower in the dN group as compared to the ST group [ Table 4 ]. (2015) . [6, 10, 11] These results can be attributed to prolonged arrest time obtained with dN cardioplegia; as a result, redosing is required less frequently and surgery can be continued uninterrupted so need for less total CPB time.
DISCUSSION
Assessment of myocardial protection was done by biochemical parameters (proBNP, troponin T, and CPK-MB).
Postoperative proBNP (2269.8 ± 2098.97 pg/mL vs. 10220.0 ± 8343.62 pg/mL, P = 0.001) was significantly lower in the dN group [ Figure 1 ]. While rising in troponin T levels (1.052 ± 1.112 vs. 0.830 ± 0.451, P = 0.314), CPK-MB level (13.19 ± 11.09 vs. 17.33 ± 8.56, P = 0.111) was seen postoperatively in both the groups, but variations between the groups were not significant. Other markers used for the assessment of myocardial protection were need for defibrillation, the number of defibrillatory shock required, time to regain cardiac activity after declamping the aorta, time to wean off from bypass, inotropes requirement, and new-onset rhythm disturbances. In dN group, fewer number of patients needed defibrillation as compared to the ST group (4 vs. 16, P = 0.001). Time taken for the return of cardiac contraction after declamping the aorta (2.40 ± 1.453 vs.
3.67 ± 1.971, P = 0.006) and time needed to wean off the patient from bypass were significantly less in the dN group (21.93 ± 4.934 vs. 32.67 ± 10.535, P < 0.001). Need for perioperative and postoperative inotropes was seen in 17 patients in the dN group as compared to 26 patients in the ST group (P = 0.036). New-onset rhythm disturbance was seen in 5 patients in the ST group (3 AF, 2 ventricular tachycardia) as against 0 patients in the dN group.
Comparing with other studies, Yerebakan et al. 2014 found no significant difference in the requirement of postoperative inotropic support (28 vs. 26, P = 0.152). [7] Mishra et al. 2016 compared retrospectively 100 patients undergoing CABG and DVR, found less requirement of inotropic support in the postoperative period for dN group, but this was statistically insignificant, (26 vs. 23, respectively, P = 0.548); there was no difference in the requirement of DC shock between the two groups. [10] Mick et al. 2015 found less requirement of inotropic support in the dN group, although it could not reach statistical significance (15 vs. 12, P = 0.5). [8] Similar results were seen in the study by Sorabella et al. (20140 at Columbia University. [6] Other parameters that we have assessed, i.e., time taken to regain cardiac activity, time to wean off bypass, and new-onset rhythm disturbance, have not been studied in great details in the previous studies.
In this study, total postoperative ventilator requirement for the patient and stay in the ICU between the two groups were comparable (P = 0.183 and P = 0.101, respectively).
The requirement of transfusion of blood product (P = 0.001) and duration of hospital stays (P = 0.010) were significantly lower in the dN group as compared to the ST group. These results were similar to the study done by Yerebakan et al. 2015 , where there was no significant difference in ventilation duration (P = 0.37) and no significant difference in total ICU stay (P = 0.133). Total packed red blood cell (PRBC) requirement was more in the ST group (2.3 ± 2.4 vs. 1.3 ± 1.5, P = 0.033), and postoperative hospital stay was less in the dN group (12.4 ± 9 vs. 20.2 ± 24 days, P = 0.048). [7] Similar results were seen in the study by Sorabella et al. 2014 [6] No patient needed IABP in both the groups; no death was seen in either groups. Complication in the form of liver derangement postoperatively was seen in 1 patient in each group which persisted for a few days and resolved thereafter with conservative treatment. Two patients in the ST group had acute renal failure and needed renal replacement therapy in the form of dialysis, which later improved.
CONCLUSION
Cardiac surgeries done under cardiopulmonary bypass using the dN cardioplegia is associated with lower total bypass time, lower aortic cross-clamp time, less volume and number of cardioplegia needed, and early return of cardiac activity as compared to ST Thomas solution.
There is better myocardial protection with dN cardioplegia as assessed with less increase in proBNP level, no new postsurgery rhythm disturbance, less need of defibrillation, and lower need of inotropic support.
There is less need of packed red blood cell in cases done under dN cardioplegia due to less hemodilution. Total postoperative ventilation and ICU stay are comparable between the two, but overall total hospital stay in the postoperative period is less with dN cardioplegia cases.
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